The efficiency of the immune system has been shaped throughout the evolutionary process allowing adaptations. In a Plasmodium vivax infection, the host attempts to develop an innate immune response to keep in check the parasite that is associated with inflammatory and regulatory processes. Production of pro-inflammatory and regulatory cytokines simultaneously appears to be a balancing mechanism for the host to prevent the onset of severe disease. Changes in the dynamics of circulating cytokines production can influence the pathogenesis, severity of the disease and episodes of recurrent Plasmodium vivax malaria (Pv-malaria). A cross-sectional study was conducted in endemic areas for Pv-malaria in the Amazonas State, Brazil. Several SNPs in TLR genes were genotyped by PCR-RFLP in 137 patients infected with P. vivax. Circulating cytokines IL-6, TNF, IL-2, IL-10, IFN-γ and IL-4 were measured by CBA. Influence of the studied SNPs on circulating cytokines was investigated by applying the Kruskal-Wallis test followed by Dunns' multiple comparison post-test. A Spearman correlation test also was performed to elaborate circulating cytokine networks and to demonstrate the level of interaction between each molecule. Individuals with genotypes A/G (TLR4 A299G), C/C (TLR6 S249P) and T/T (TLR9 -1486C/ T) appear to produce less/gain IL-6, IFN-γ, IL-10, IL-2 and IL-4 compared to patients with wild-type and heterozygous genotypes. In addition, these genotypes seem to influence the interaction network between the molecules studied, causing a lower interaction, absence or even negative interaction between the cytokines. Data presented in this study suggests the influence of polymorphisms TLR4 (A299G), TLR6 (S249P) and TLR9 (-1486C/T) on the production of circulating cytokines during Pv-malaria.
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Background
Malaria, caused by the protozoan Plasmodium parasite, is one of the most prevalent diseases in the world. Five species can infect human beings: Plasmodium vivax, P. falciparum, P. malariae, P. ovale and P.
knowlesi [1] [2] [3] . The host immune response against the different Plasmodium sp. is orchestrated through the recognition of the parasitic components to shape a synergistic action of innate and adaptive immunity to restrict the parasite [4] . Recent studies showed that the inflammatory process and the production of cytokines are higher in P.
vivax infection than in other Plasmodium species, such as P. falciparum [5] [6] [7] .
The mechanisms to induce this response are generated from the sporozoite inoculation during the blood feeding of the female Anopheles mosquito, and the two processes of schizogony in the human host (hepatic and blood) [8] . Febrile episodes are caused by the release of pyrogenic agents, such as cytokines TNF-α, IL-1β and IL-6, as well as molecule 5a of Complement (C5a) and, Prostaglandin E2 (PGE2), that act on body thermoregulation [9] [10] [11] . IL-12, IL-18 and IFN-γ are also produced during infection and act together for parasitic clearance [12, 13] . Simultaneous to this response, IL-10 is released to regulate the inflammatory process in order to inhibit exacerbated reactions [14] . High concentrations of IL-6 and IL-10 are observed during P. vivax infection, especially in patients with high parasite load without signs of severity [15, 16] .
The production of proinflammatory and regulatory cytokines is triggered after the recognition of Plasmodium PAMPs (glycosylphosphatidylinositol anchors [GPI] , hemozoin linked to DNA and DNA) by pattern recognition receptors (PRRs) such as TLRs, Nod-like receptors (NLRs), RIG-I-like receptors (RLRs) and scavenger receptors, present in innate immunity cells [17] [18] [19] [20] [21] [22] [23] . TLRs are the main group of receptors involved in the response to malaria and play an important role in the release of the transcription factor NF-kB to enter the nucleus to induce proinflammatory cytokine production [24] [25] [26] . This inflammatory response to either keep the parasite in check, or to progress to disease seems to be related to environmental factors and the host's genetic background [27, 28] .
Genetic polymorphisms in TLRs may play a role in resistance or susceptibility to Plasmodium infection and deletion of TLRs, and costimulatory molecules in murine models showed decreased production of proinflammatory cytokines and increased susceptibility to infection by different species of Plasmodium and other protozoans [18, [28] [29] [30] [31] . TLRs SNPs have been associated with a higher risk of developing uncomplicated malaria, increased parasitemia, placental and severe malaria [28, [32] [33] [34] [35] [36] . The SNPs TLR9 -1237C/T and -1486C/T are reported to correlate with increased in IFN-γ levels in children with cerebral malaria [37] .
A lot of progress has been achieved in the understanding of the immunological mechanisms involved in the response to Plasmodium. However, changes in the dynamics of circulating cytokine production associated with SNPs of the innate immune system are scarce. This study investigated the influence of polymorphisms present in TLR genes on the production of pro-inflammatory and regulatory cytokines in individuals infected with P. vivax in the Amazonas state of Brazil. The data presented in this study suggests that the polymorphisms TLR4 A299G, TLR6 S249P and TLR9 -1486C/T may influence the production of circulating cytokines during Plasmodium vivax malaria (Pv-malaria).
Methods

Study area and sampling
The study was carried out at the Instituto de Medicina Tropical in Coari (IMTC) and the Fundação de Medicina Tropical Dr. Heitor Vieira Dourado (FMT-HVD) in Manaus, the capital city of the Amazonas State, during 2011-2012 and 2014-2015 respectively. Both regions are endemic areas of malaria. The study population was a nonprobability sample of convenience consisting of 137 Pv-malaria, diagnosed by thick blood smear (TBS) examinations [38] , confirmed by RT-PCR [39] . All participants were submitted to a serological screening at HEMOAM, recommended to monitor blood borne pathogens by Brazilian Blood Donor Bank Authorities, that includes serological analysis for the Hepatitis B and C virus, HIV, DENV, HTLV and Chagas' Disease. Ten mL of blood were collected by venipuncture from each participant in two tubes containing EDTA (BD Vacutainer® EDTA K2) and with Gel separator (Gel BD SST® II Advance®) for carrying out the genotyping of polymorphisms and assay of circulating cytokines respectively. Sera were kept at -80°C until cytokines were assayed. 
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Polymorphisms genotyping in TLR genes
DNA was extracted from peripheral blood leukocytes using a QIAmp DNA kit (QIAGEN, Chatsworth, CA, USA) following the manufacturer's instructions. Polymorphisms of the TLR genes were evaluated by Polymerase Chain Reaction-Restriction Fragment Length Polymorphism (PCR-RFLP) as described previously [28, 32] . The amplified products were electrophoresed at 100V for 50 min in 3% or 4% agarose gel with TAE 1x buffer containing 2 μL of GelRed™ Nucleic Acid Gel Stain (Biotium, USA) and visualized in transilluminator UV light Gel+DocXR System (Bio-Rad Corporation, USA).
Circulating cytokine levels measurements by CBA
The circulating cytokines IL-6, TNF, IL-2, IL-10, IFN-γ and IL-4 were measured using the CBA (Cytometric Bead Array) BD™ Human Th1, Th2 Cytokine kit II (BD® Biosciences, code 551809, San Jose, CA, USA) following the manufacturer's technical guidelines and protocols. A FACSCanto II flow cytometer (BD® Biosciences) at the Instituto Leônidas e Maria Deane (Fiocruz-Amazônia) was used for sample acquisition. The FCAP-Array software v3 (Soft Flow inc, USA) was used to calculate the cytokine levels.
Data analysis
Graphpad Prism v.5 software (San Diego, CA, USA) was used for comparative analyzes of circulating cytokines among the genotypes of the SNPs studied. Data normality was confirmed by Shapiro-Wilk test. The continuous variables presented a non-normal distribution and data was analyzed with non-parametric Kruskal-Wallis test followed by Dunns' multiple comparison post-test to compare pairs. A Spearman correlation test was performed to assess the association between the levels of each cytokine tested. The positive and negative correlations are considered significant when p < 0.05. The correlation index (r) was used to categorize the correlation strength as weak (r ≤ 0.35), moderate (r ≥ 0.36 to r ≤ 0.67), or strong (r ≥ 0.68), as previously described [41, 42] . Networks were assembled to assess the associations amongst the circulating cytokines. Significant correlations were compiled using the open access software Cytoscape v3.3 (Cytoscape Consortium, San Diego, CA), as previously reported [16, 43] . Statistical significance was considered in all cases at p < 0.05.
Results
Characteristics and genotype frequency of polymorphism in patients with Pv-malaria
All the individuals included in this study are residents of an endemic area for malaria. The median age was 35 years, with a predominance of males (66%). The average parasite load was 1532.6 parasites/μL. Table 1 summarizes the population baseline characteristics and the frequency of polymorphisms studied.
Polymorphism in TLR4 A299G, TLR6 S249P and TLR9 -1486C/T influenced circulating cytokines production in Plasmodium vivax malaria
The levels of the circulating cytokines IL-6, TNF, IL-2, IL-10, IFN-γ and IL-4 in Pv-malaria among genotypes are described in Fig. 1 . A significant decrease of IL-6, IFN-γ and IL-10 is observed in the genotypes A/G (TLR4 A299G), C/C (TLR6 S249P) and T/T (TLR9 -1486C/T) as shown in Fig. 1A , D and E. Furthermore, higher levels of IL-4 and IL-2 correlate with the genotypes A/G (TLR4 A299G) and T/T (TLR9 -1486C/T) ( Fig. 1C and F) .
Interactions of circulating cytokines are influenced by the SNPs on TLR4 A299G, TLR6 S249P and TLR9 -1486C/T in Plasmodium vivax malaria
SNPs in TLR4 (A299G), TLR6 (S249P) and TLR9 (-1486C/T) seem to influence the production of circulating cytokines in Pv-malaria. To test the degree to which the relationship between circulating cytokine levels are altered by polymorphisms, a series of correlation analyzes were performed. Comparisons that demonstrated significant negative or positive correlations are summarized in Fig. 2 . Data analysis demonstrates that individuals with heterozygous or mutated homozygote genotypes have a reduced circulating cytokine interaction network when compared to wild-type genotypes ( Fig. 2A-C) . These events are observed mainly for A/G (TLR4 A299G) and C/C (TLR6 S249P) genotypes ( Fig. 2A and B) .
Discussion
The efficiency of the immune system has been shaped throughout the evolutionary process, allowing adaptations of the immune response and controlling the pathogenic process in infectious diseases [44] . This response is mediated by innate and adaptive mechanisms directed towards elimination of the infectious agent and tissue repair [22, 45] . The pathogen-host interaction in Pv-malaria has a biological complexity, associated with environmental factors, parasitemia, immunological status and genetic background of the human host [28, 46] .
In Plasmodium vivax infection, the host reacts to develop an innate immune response against the parasite. This response must be efficient to restrain the multiplication of the parasite and at the same time maintain the integrity of tissues and organs [16, 47] . During this response, the inflammatory and regulatory processes are involved. A fine balance must be struck between these two processes, otherwise there can be collateral damage of the host tissue if there is an exacerbation of the inflammatory response. Although, most cases of Pv-malaria have a benign clinical course, severe complications are reported worldwide, associated with high levels of TNF-α, IFN-γ and low levels of IL-10 [48] [49] [50] [51] .
SNPs in TLRs and adapter molecules may influence the inflammatory process and pro-inflammatory cytokine production, predisposing individuals to severe disease manifestations and increased parasitemia, since a fine balance in the inflammatory process is essential for parasite clearance [16, 22, 23, 47, 52, 53] . The data presented in this study suggest the influence of polymorphisms in TLR4 A299G, TLR6 S249P and TLR9 -1486C/T on the production of circulating cytokines IL-6, IL-2, IL-10, IFN-γ and IL-4 in Pv-malaria.
The frequency of TLRs polymorphisms was similar to the previously published study where the SNPs in TLR5 and TLR9 were shown to be associated with the risk of developing malaria and parasite load [28] . Furthermore, these polymorphisms were associated with a higher risk of developing uncomplicated malaria, increased parasitemia, placental and severe malaria in Plasmodium sp. Infection [28, [32] [33] [34] [35] [36] .
We have shown here that individuals with the minor allele of TLR4 (A299G), TLR6 (S249P) and TLR9 (-1486C/T) appear to produce less circulating IL-6 and IFN-γ. These cytokines are produced by NK cells, and CD4
+ and CD8 + T lymphocytes in response to circulating parasites [54, 55] . In addition, IL-6 acts to induce febrile episodes during acute malaria, an important feature of the disease and an indicator of infection in many endemic areas [56, 57] , and IFN-γ is essential for the control and elimination of the parasite by the human host [58, 59] . The increase of these cytokines appears to be important for parasite clearance, however, high concentrations may be associated with severe malaria appearance [48] [49] [50] [51] , while low concentrations may be related to episodes of relapse, which contribute to the transmission of the disease [2, 60, 61] . T/T genotype of the TLR9 polymorphism (-1486C/T) correlates with increased production of IL-2. IL-2 participates in the process of clonal expansion of T lymphocytes and mediates the production of IFN-γ by the NK cells in response to infection by Plasmodium [58, 59, 62] .
IL-10 cytokine is an important regulatory molecule of immune responses in the host [63] and plays a key role in the controlling of exacerbated inflammatory processes through the inactivation of macrophages and regulation of the production of IFN-γ [60, 64] . Our results demonstrate that polymorphisms in the genes TLR4 (A299G), TLR6 (S249P) and TLR9 (-1486C/T) induce lower production of this cytokine. Molecular change in the dynamics of IL-10 production may be associated with severe cases of malaria. IL-10 is essential for the regulation of the immune response and is mainly produced by monocytes and a subpopulation of T cells, such as regulatory T cells (Treg) [54, 65] .
The SNPs TLR4 (A299G) and TLR9 (-1486C/T) also appear to induce an increase in IL-4 levels. High concentrations of this cytokine appear to favor host susceptibility to Plasmodium infection in a regulatory microenvironment [61, 66] . In addition, the increase in IL-4 appears to be proportional to the number of episodes of Pv-malaria in recurrent patients, and may still be involved with asymptomatic malaria [47, 60] .
The present study reveals the interactions between cytokines in patients with Pv-malaria according to the genotype of the polymorphisms in TLRs. The observed differences in the interactions of each genotype studied may be associated with the influence of these SNPs on the production of cytokines and consequent pathogenesis of the disease. Absence of connections in these genotypes can be characterized as a less active and abundant inflammatory response. This may contribute to the 
A.G. Costa et al. Cytokine 110 (2018) [374] [375] [376] [377] [378] [379] [380] increase of parasitemia and poor prognosis of these individuals. In addition, understanding the influence of these polymorphisms may be useful in the designing of control and elimination tools, as well as the development of an effective vaccine for Pv-malaria [28, 67] . This study has some limitations. Although the sample size may be considered small, statistical differences are strong. Further studies with more Pv-malaria patients are needed to confirm our findings. In addition, our population does not have clinical manifestations of different Pv-malaria (asymptomatic malaria, mild and severe) to perform an intragroup comparison between the levels of cytokines and genotypes studied.
Conclusion
Our data demonstrated for the first time the influence of TLR4 A299G, TLR6 S249P and TLR9 -1486C/T in levels of circulating cytokines IL-6, IFN-γ, IL-2, IL-10 and IL-4 during Plasmodium vivax malaria. These cytokines have an important role in the immune response to P. vivax infection, besides influencing the pathogenesis, the severity of the disease and episodes of recurrence of Pv-malaria.
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